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This invention relates to a method of combining at least two polymer chains to form a polymer or copolymer 
product with Increased molecular weight. The polymers and copolymers produced by this process are useful 
as antiscalants, dispersants, incrustation inhibitors and superabsorbants. They are particularly useful in de- 
tergent and cleaning applications. 

5 Acrylate polymers and copolymers have many uses, for example as antiscalants, dispersants, incrusta- 

tion inhibitors, superabsorbants and In detergent and cleaning applications. In most of these uses the perfor- 
mance of the acrylate polymer is directly related to its molecular weight and structure. Low molecular weight 
acrylate polymers may perform differently from high molecular weight acrylate polymers while linear acrylate 
polymers may perform differently from branched acrylate polymers. 

10 Previously, the molecular weight of acrylate polymers has been controlled by varying the polymerization 

conditions of the acrylate polymers to achieve the desired molecular weight. Similarly, the structure of acryl- 
ate polymers can be controlled by varying the polymerization conditions, however this Is difficult and generally 
leads to either a linear polymer, a highly branched polymer or a gelled (very highly branched) polymer. 

Chain combination polymerization, where free radical sites form on polymer chains which then combine, 

15 is generally avoided because it leads to uncontrolled branching and to a wide spread of molecular weights in 
polymerization reactions. We have discovered in the present invention how to make use of such a reaction to 
combine polymer chains of known molecular weights to form a polymer product of higher molecular weight. 
The invention also enables the formation of a final polymer product with a well defined molecular weight and 
composition, in addition, the invention allows for the formation of final acrylate polymers with "controlled" de- 

20 grees of branching. For example, linear polymer chains can be attached to other linear polymer chains In a 
controlled fashion to form acrylate polymers with different degrees of branching, ranging from slightly branch- 
ed to highly branched. 

Thus the molecular weight of acrylate polymers can be increased and the degree of branching can be con- 
trolled by deliberately generating free radicals at saturated carbon atoms along acrylate polymer chains and 

25 then combining at least two of the polymer chains at the free radical sites on each chain. The result of this 
chain combination reaction is the formation of a polymer product with a highermolecular weight than the start- 
ing acrylate polymer, and optionally the formation of an acrylate polymer with a controlled degree of branching. 

Accordingly the present invention provides in a first aspect a method of combining an acrylate polymer 
with a further polymer or polymerizing monomer, comprising forming an aqueous solution thereof, generating 

30 free radicals at saturated carbon atoms on at least one chain of each polymer or polymerizing monomer, and 
then polymerizing together said chains via the free radical sites. The polymer chains can be compositionally 
identical, different, or a combination thereof. 

In the method of the present invention, an aqueous solution of a starting acrylate polymer, copolymer, or 
a combination thereof, is contained in a reaction vessel. The pH of the aqueous solution is adjusted and main- 

35 tained at the adjusted pH throughout the reaction. The aqueous reaction solution is heated and an initiator 
solution is fed into the reaction vessel. 

The starting acrylate polymer can be prepared according to techniques well known to those skilled in the 
art, for example, those described in U.S. 4,314,044 and USSN 502,100, commonly assigned to the same as- 
signee as the present invention and herein incorporated by reference. The starting acrylate polymer can also 

40 be any commeroiaily available water soluble acrylate polymer or copolymer, for example, those sold under the 
trade name Acusol® by Rohm and Haas Company, Sokalan® by BASF or Goodrite® K resins by Goodrich. 

Acrylate polymers particularly useful as starting acrylate polymers Include polymers and copolymers 
polymerized from monomers of ethylenically unsaturated monocarboxylic acids containing from 3 to 8 carbon 
atoms per molecule and ethylenically unsaturated dicarboxylic acids containing from 4 to 8 carbon atoms per 

45 molecule. These monocarboxylic acids and dicarboxylic acids include their alkali metal and ammonium salts, 
and the anhydrides of the els dicarboxylic acids. Examples of the monocarboxylic acids Include acrylic acid, 
methacrylic acid, vinylacetic acid, crotonic acid and acryloxyproplonic acid. Acrylic acid is preferred. Examples 
of suitable dicarboxylic monomers include maleic acid, itaconic acid, mesaconic acid, fumaric acid, citraconic 
acid, tetrahydrophthalic acid, tetrahydrophthalic anhydride and maleic anhydride. Maieic anhydride is prefer- 
so red among the dicarboxylic monomers. 

In addition, the starting acrylate polymer may be composed of up to 70 percent by weight of carboxyl-free 
monoethylenically unsaturated monomers which include alkyi esters of acrylic or methacrylic acids such as 
methyl acrylate, ethyl acrylate, butyl acrylate. methyl methacrylate, ethyl methacrylate, butyl methacrylate 
and isobutyl methacrylate; hydroxyalkyi esters of acrylic or methacrylic acids such as hydroxyethyl acrylate. 

55 hydroxypropyl acrylate, hydroxyethyl methacrylate, and hydroxypropyl methacrylate; acrylamide. methacry- 
lamide, N-tertiary butyl acrylamide, N-methyl acrylamide, N,N-dimethyl acrylamide: acrylonitrile. methacry- 
lonitrile, allyl alcohol, allyl sulfonic acid, allyl phosphonic acid, vinyl phos phonic acid, dimethylaminoethyl ac- 
rylate, dimethylaminoethyl methacrylate, phosphoethyl methacrylate, N-vinyt pyrollidone, N-vinylformamide. 
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N-vlnyllmldazole, ethylene glycol diacrylate, Irimethylolpropane triacrylate, diallyl phthalate, vinyl acetate, 
styrene, vinylsulfonic acid and Its salts, and 2-acrylamldo-2-methylpropanesulfonic acid and its salts. The 
amount of these other monomers included in the composition of the starting acrylale polymer can be up to 
70 percent by weight as long as the starting acrylate polymer or copolymer remains water soluble. 
5 It is preferable the starting acrylate polymer Is polyacryiic acid or a copolymer of acrylic acid and maleic 

acid or anhydride. In addition, it is preferable that the molecular weight of the starting acrylate polymer or co- 
polymer be from about 500 to about 100,000, more preferably from about 1,000 to about 50,000. and even 
more preferably from about 2.000 to about 25,000. 

One advantage of the present Invention is that the chain combination reaction can be canried out in the 
10 same reaction vessel the starting acrylate polymer was polymerized, without any additional separation or pur- 
ification steps. It is preferred that the starting acrylate polymer be linear and have a low degree of branching. 

The concentration of the starting acrylate polymer in the aqueous reaction solution can be from about 10 
to about 80. preferably 30 to about 60 weight percent based on the total weight of the reaction solution. The 
pH of the reaction solutbn can be adjusted with, for example, ammonium hydroxide or an alkali metal base 
15 such as NaOH. KOH and LiOH, preferably sodium hydroxide. The base is preferably added as an aqueous 
solution. Once the pH has been initially adjusted, the base can be either added at certain Intervals or contin- 
uously fed into the aqueous reaction solution to maintain the phi at the desired level throughout the reaction. 

The aqueous reaction solution can initially contain only one type of starting acrylate polymer and therefore 
the process of the present invention leads to an acrylate polymer product compositionally the same as the 
20 starting acrylate polymer but with a higher molecular weight. The initial aqueous solution can also contain start- 
ing acrylate polymers of different compositions. Besides being in the initial aqueous solution, portions of the 
starting acrylate polymers or copolymers may be added or fed continuously into the reaction vessel during 
the chain combination reaction. 

The chain combination reaction is also useful for combining non-acrylate polymers or copolymers with 
25 starting acrylate polymers or copolymers. The non-acrylate polymers or copolymers can be initially contained 
in the reaction vessel, fed into the reaction vessel during the chain combination reaction, or a combination 
thereof. When additional non-acrylate polymer or copolymers are added to the reaction vessel, they are pre- 
ferably polymerized from the non-carboxyfic monomers listed above. 

As a further alternative, monomer may be added to the reaction vessel. Monomer may be contained in 
30 the initial aqueous solution, added during the chain combination reaction or a combination thereof. When 
monorner is added, it polymerizes via a free radical polymerization and the free radical site on the polymerizing 
monomer chain can then react with free radical sites generated on the starting acrylate polymer. This leads 
to the combination of the chain formed from the monomer and the starting acrylate polymer chain. When 
monomer is added to the reaction vessel, the same monomers listed above for the starting acrylate polymer 
35 or copolymer are preferable. 

The pH has been found to have a dramatic effect on the chain combination reaction, it is believed by in- 
fluencing the degree to which polymer chains come together to combine, and also the stability of the radical 
sites. The chain combination reaction can be run at a pH of from about 1 to 11 , preferably 3 to 7, and depending 
on the pH, the molecular weight of the final product can be varied. It has been found thatthe maximum Increase 
40 in molecular weight can be achieved at a pH of about 5. 

The chain combination reaction is carried out in the presence of a water soluble initiator. Such polymeri- 
zation initiators are well known to one skilled in the art and include hydrogen peroxide, t-butyl hydroperoxide, 
sodium persulfate, potassium persulfate, ammonium persulfate, sodium perphosphate, ammonium perphos- 
phate, potassium perphosphate, or combinations thereof. The initiator concentration can be from about 0.5 
45 to about 40%, preferably from about 1 to about 20% and even more preferably from about 1 to about 1 0% based 
on the total weighFof the start^^^^^ 

If monomer is added to the reaction vessel, in addition to the Initiators listed above, other initiators can 
be added to the reaction vessel for the polymerization of the monomer. An example of an initiator for the poly- 
merization of the monomer is 2.2-azobis(cyanovaleric acid). Initiators for the polymerization of the monomer 
50 can be the only Initiator used whereby free radicals on the starting acrylate polymer chain are generated by 
the reaction of the starting acrylate polymer chain with the chain polymerizing from the monomers. As an al- 
ternative, initiators for the polymerization of the monomer can be used In combination with initiator for the 
starting acrylale polymer. 

Besides the pH, the molecular weight of the final chain combination product is also dependent on the con- 
55 centration of the initiator and the reaction time, it has been found that at a given pH, the chain combination 
reaction time is dependent not only on the concentration but also on the half life of the initiator used. The time 
and temperature of the chain combination reaction should be from about 1 to about 10 hours, preferably from 
about 2 to about 5 hours per half life of the initiator to achieve the maximum molecular weight value. Thus pH 
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and Initiator can be used In tandem to control the nature of the final product. 

The above polymer products of the chain combination reaction are useful as detergent and cleaning agent 
additives, superabsorbants, thickeners and gelling agents in, for example cosmetics or paints, dispersants, 
antiscalants and incrustation Inhibitors. They are particularly useful in detergent and cleaning applications. 
5 Detergent compositions containing polymer products of the chain combination reaction may be in any of 

the usual physical forms, such as powders, beads, flakes, bars, tablets, noodles, liquids, pastes, slurries and 
the like. The detergent compositions are prepared and utilized in the conventional manner and are usually 
based on surfactants and, optionally, on either precipitant or sequestrant builders. 

Suitable surfactants are, for example, anionic surfactants, such as from Cq to C12 alkylbenzenesulfonates, 

10 from C12 to C16 alkanesulfonates, from C12 to Cie alkylsulfates, from C12 to C^e alkylsulfosucclnates and from 
C12 to C16 sulfated ethoxylated alkanols and nonionic surfactants such as from Cq to C12 alkylphenol ethoxy- 
lates, from C12 to C20 alkanol alkoxylates, and block copolymers of ethylene oxide and propylene oxide. Op- 
tionally, the end groups of polyalkylene oxides can be blocked, whereby the free OH groups of the polyalkylene 
oxides can be etherifled, esterifled, acetallzed and/or aminated. Another modification consists of reacting the 

15 free OH groups of the polyalkylene oxides with Isocyanates. The nonionic surfactants also include C4 to Cie 
alkyi glucosides as well as the alkoxylated products obtainable therefrom by alkoxylation, particularly those 
obtainable by reaction of alkyI glucosides with ethylene oxide. The surfactants usable in detergents can also 
have an amphoteric character and they can be soaps. 

In general, the surfactants constitute from 2 to 50, preferably 5 to 45 percent by weight of the detergent 

20 or cleaning formulation. Liquid detergents usually contain as components liquid or even solid surfactants which 
are soluble or at least dispersible in the detergent formulation. Surfactants suitable for this purpose are liquid 
polyalkylene oxides or polyalkoxylated compounds, products that can also be used in powdered detergents. 

Examples of sequestrant builders contained in the detergent and cleaning agents of the present invention 
can include phosphates, specifically, orthophosphates, pyrophosphates and especially sodium tripolyphos- 

25 phate. Further examples are the zeolites, sodium carbonate, polycarboxylic acids, nitrilotriacetic acid, citric 
acid, tartaric acid, the salts of the aforesaid acids and the monomeric, ollgomeric or polymeric phosphonates. 

The amounts of the individual substances used In the preparation of detergent formulations by weight 
based on the total weight of the detergent formulatton are, for example, up to 85 weight percent sodium car- 
bonate, up to 45 weight percent phosphates, up to 40 weight percent zeolites, up to 30 weight percent nitrilo- 

30 triacetic acid and phosphonates and up to 30 weight percent polycarboxylic acids. Because of the environ- 
mental impact caused by the use of phosphates, the phosphate content of detergent and cleaning agent for- 
mulations is being reduced so that detergents currently contain less than about 30 weight percent of phos- 
phates or preferably are phosphate-free. In certain liquid detergent markets the use of builders is usually lim- 
ited to citric acid and its salts or a combination of citrate and fatty acid soap, while in other markets liquid 

35 detergent compositions incorporate an intermediate level of soap, about 15 weight percent, or tripolyphos- 
phate, about 20 weight percent, to assist overall cleaning efficacy. 

Other common additives to detergent and cleaning agent formulations are bleaching agents, used in an 
amount of up to 30 weight percent, corrosion inhibitors, such as silicates, used in an amount of up to 25 weight 
percent and graying inhibitors used In an amount of up to 5 weight percent. Suitable bleaching agents are, for 

40 example, perborates, percarbonates or chlorine-generating substances, such as chloroisocyanurates. Suitable 
silicates used as corrosion inhibitors are, for example, sodium silicate, sodium disillcate and sodium metasi- 
licate Examples of graying inhibitors are cartioxymethylcellulose, methylcellulose, hydroxypropylmethylcellu- 
lose and graft copolymers of vinyl acetate and polyalkylene oxides having a molecular weight of 1,000 to 
15,000. Other common detergent additives optionally used are optical brighteners, enzymes and perfumes. 

45 Powdered detergent formulations can also contain up to 50 weight percent of an inert diluent, such as sodium 
sulfate, sodium chloride, or sodium borate. The detergent formulations can be anhydrous or they can contain 
small amounts, for example up to 10 weight percent, of water. Liquid detergents can contain up to 80 weight 
percent water as an inert diluent 

The above-described polymer products of the chain combination reaction can be added to all detergent 

50 and cleaning agent formulations and are used in amounts between about 0.5 and 30 weight percent, preferably 
between about 1 and 15 weight percent, based on the total weight of the formulation. In most cases, partic- 
ularly when used as soil redepositlon inhibitors, the amount of polymer actually used is preferably between 
about 2 and 10 weight percent, based on the detergent and cleaning agent mixture. Of particular importance 
is the use of the additives according to the invention in phosphate-free and low-phosphate detergents and 

55 cleaning agents, particularly those containing a precipitant builder such as sodium carbonate. The low-phos- 
phate formulations contain up to a maximum of 25 weight percent of sodium tripolyphosphate or pyrophos- 
phate. The polymers prepared according to the invention are preferably used at high concentration in phos- 
phate-free formulations and serve as builders in place of the phosphates. 
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If desired, the polymers prepared according to the invention can be used in detergent formulations togeth- 
er with other copolymers of acrylic acid and maleic acid, with acrylic acid homopolymers or a combination 
thereof. The last-mentioned polymers are currently being used as soil redeposition inhibitors In detergent for- 
mulations. In addition to the aforementioned polymers, the copolymers of from C3 to Cs monocarboxylic and 

5 dicarboxylic acid or maleic anhydride and from to C4 alkyi vinyl ethers are also suitable as soil redeposition 
Inhibitors. The molecular weight of the homopolymers and copolymers Is 1,000 to 100,000. If desired, these 
soil redeposition inhibitors can be used in detergents, together with the polymers or copolymers of this inven- 
tion, In an amount of up to 20 weight percent based on the total formulation. The polymers of the present In- 
vention can be added to detergent formulations In the free acid form or In completely or partly neutralized 

10 form. 

Otherapplicatlonsforthe polymers of this invention include water treatment. Water treatment applications 
for these polymers Include dispersing applications, such as in aqueous day dispersions for paper making, and 
antl-nucleating agents where minor amounts of the copolymers can serve as threshold inhibitors for crystal 
formation or scaling in cooling towers or boilers. When used to inhibit crystal formation or scaling, the water- 

15 soluble polymers are often combined with corrosion inhibitors such as inorganic or organic phosphates or 
phosphonates or metallic salts such as zinc compounds and the like. The polymers of the present Invention 
can be added directly to the aqueous system or they can be added as a concentrated aqueous composition 
wherein the copolymer Is present in the composition at a level of from 20% to 60% by weight 

The invention is further Illustrated by the following examples which are Intended to be purely exemplary. 

20 All percentages are by weight unless otherwise specified. 

EXAMPLE 1 

A. Preparation of acrylate polymer - Polyacryiic Acid (General Procedure) 

25 

Polyacrylic acids of approximately 10,000 and 20,000 Mw were prepared via a gradual addition aqueous 
solution polymerization process employing 3-mercaptopropionic acid (MPA) as the chain transfer agent Ac- 
rylic acid (AA), an aqueous solution of sodium persulfate, and the MPA were added lineariy and separately to 
a flask containing a water heel charge at 90°C. AA, NaPS, and MPA feed times were 2, 2, and 1.75 hours, 
30 respectively. After completion of the feeds, the batch was held at 90°C for 30 minutes. In cases where the 
reskJual AA was higher than desired, 4,4 -azobis(4-cyanovalerlc acid) In water was added over 30 minutes at 
90°C, after which the mixture was held at SO^'C for one hour. 

B. Chain Combination Reaction 

35 

The chain combination reaction was carried out by first charging the reaction vessel with the starting poly- 
mer solution and adding sodium hydroxide (50%) to bring the solution to the desired pH. pH was monitored 
with a pH electrode connected to a Chemcadet® (Cole Parmer) pH meter/controller. If necessary, water was 
added to adjust the solids level. The solution was then heated to QO^'C. An aqueous solution of NaPS was then 
40 fed Into the solution linearly over 30 minutes, during which time the pH was monitored and maintained at the 
desired point by the addition of NaOH solution (via a pump connected to the Chemcadet or manually via an 
addition funnel). The reaction solution was then held at 90*'C for one hour. 

Example 2 

45 

To a one liter, four-neck, round bottom flask equipped with a mechanical stirrer, heating mantle, temper- 
ature controller, and reflux condenser was added 200.00 grams of polyacrylic acid solution neutralized to pH 
4.8 (34% solids; Mw=21,300. Mn=9430, Mw/Mn=2.26). The solution was heated to 90''C and then a solution 
of 2.64 grams of sodium persulfate dissolved in 7.36 grams of water was fed into the reaction vessel over 15 

50 minutes via a syringe pump. Once the addition was complete, the reaction solution temperature was main- 
tained for an additional 45 minutes at 90*^0, then it was allowed to cool. 

The final pH was 4.6; the final measured solids were 34.6%. 
Molecular weight data of the product was obtained via aqueous gel permeation chromatography (GPC). The 
weight average molecular weight (Mw) was 120,000, the number average molecular weight (Mn) was 10,600 

55 and Mw/Mn was 1 1 .31 . 
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' Example 3 



To a one liter flask equipped as in Example 2, was added 200.00 grams of poly(acrylic acid) solution neu- 
tralized to pH 4.8 (34% solids; Mw=21.300, Mn=9430, Mw/Mn=2.26) and 54.4 grams water. The solution was 
5 heated to ^(y*C and then a solution of 1 .06 grams of sodium persulfate dissolved in 8.94 grams of water was 
fed into the polymer solution over 15 minutes via a syringe pump. The solution temperature was maintained 
for an additional 45 minutes at 90''C and then it was allowed to cool. 

The final pH was 4.6 and the final solids level was 26.6%. The Mw was 28,200, Mn was 8260 and Mw/Mn 
was 3.41. 

10 

Example 4 



To a one liter flask equipped as In Example 2. was added 200.00 grams of a polyacrylic acid solution neu- 
tralized to pH 4.8 (34% solids; Mw=21.300, Mn=9430, Mw/Mn=2.26). The solution was heated to 90°C and 
15 then a solution of 1 .06 grams of sodium persulfate dissolved in 8.94 grams of water was fed into the reaction 
vessel over 15 minutes via a syringe pump. The solution was held for an additional 45 minutes at 90" C and 
then It was allowed to cool. 

The final pH was 4.6, final measured solids were 33.8%, the A4w was 31 ,200, the Mn was 8480 and Mw/Mn 
was 3.67. 

20 

Example 5 



To a one liter flask equipped as in Example 2, was added 1200.00 grams of polyacrylic acid solution neu- 
tralized to pH 4.6 (34% solids; Mw=1 0,900, Mn=7210, Mw/Mn=1.51). The solution was then heated to 90°C 
25 and then a solution of 5.28 grams of sodium persulfate dissolved in 14.72 grams of water was fed into the re- 
action vessel over 15 minutes via a syringe pump. The solution temperature was maintained for an additional 
45 minutes at 90°C and then it was allowed to cool. 

The final pH was 4.4, the final measured solids were 33.4%, the Mw was 125,000, the Mn was 10,800, 
Mw/Mn=11.53. 

30 

Examples 6-15 



The pH dependence of persulfate-initiated chain combination reactions starting with either 10,000 or 
20,000 Mw polyacrylic acid and 5% sodium persulfate (based on acrylic acid content) was examined in Ex- 
35 periments 6-15. The polyacrylic acid concentrations in the reaction solution varied from 25% to 29% for the 
1 0.000 Mw polyacrylic acid and from 23% to 25% for the 20,000 Mw polyacrylic acid. Table I and Table II contain 
the results of these Examples. 



TABLE I 



40 


Effect of pH on Molecular Weight in NaPS-lnitiated Chain Combination Reaction of 




pAA(5Wt%NaPS on AA) 




Expt.# 


Reaction pH 


AAWt%in Soln. 


Mw 


Mn 


Mw/Mn 


45 




(starting pAA) 




10,200 


6740 


1.58 




6 


1.0-1.1 


27.2 


12,200 


7330 


1.66 




7 


3.0-3.2 


28.7 


12,900 


7520 


1.72 


60 


8 


4.9-5.0 


27.8 


16,300 


7670 


2.13 




9 


6.9-7.0 


27.0 


11,600 


6900 


1.68 




10 


8.4-9.8 


25.3 


10,200 


6580 


1.55 



55 



6 



EP 0 600 592 A1 



- TABLE II 

Effect of pH on Molecular Weight in NaPS-lnitiated Chain 
Combination Reaction of pAA (5 Wt% NaPS on AA) 

Reaction AA Wt% 
Expt. # pH in Soln . Mil Mw/Mn 

(starting pAA) 19,500 11,100 1.75 

6 1.7-2.1 25.0 32,700 14,800 2.21 



7 
8 
9 
10 



3.0 
5.0 
7.0 
8.7-10.1 



23.5 
24.8 
24.9 
23.1 



48,900 
110,000 
31,100 
22,600 



16,200 
15,800 
13,300 
12,000 



3.02 
6.96 
2.35 
1.88 



With both the 10,000 and 20,000 molecular weight polyacrylic acid, the weight average molecular weight 
peaked at approximately pH 5 while the number average molecular weight remained essentially unchanged 
over the pH range. At pH 5, the molecular weight of the 10,000 Mw acrylate polymer increased 1 .7 fold in Mw 
during the chain combination reaction. The molecular weight of the 20,000 Mw acrylate polymer increased 5.6 
fold in Mw during the chain combination reaction. 

The effect of persulfate concentration was also examined using the 20,000 Mw polyacrylic acid starting 
material. The experiments were done at pH 5 where the maximum increase in molecular weight occurred. Data 
for these experiments are provided in Table ill. Clearly, persulfate concentration had a dramatic effect on 
branching; at 1 0% NaPS and 25% pAA, the polymer gelled. Agelled polymer would still have utility in the area 
of superat>sorbants. 



TABLE III 

Effect of NaPS Concentration on Molecular Weight in 
Chain Combination Reaction of pAA at pH 5 



Wt % Rxn. pAA Wt% 



Expt. # NaPS 


Jen 


in Soln. 


Mw 


Mn 


Mw/Mn 


(starting pAA) 




19,500 


11,100 


1.75 


1 2 


5.0 


24.7 


29,100 


13,700 


2.12 


2 5 


5.0 


24.8 


110,000 


15,800 


6.96 


3 10 


5.0-5.1 


25.2 




gelled 





The effect of hold time on molecular weight during the post-polymerization reaction at pH 5 was examined 



EP 0 600 592 A1 

using the 20,000 Mw polyacrylic acid staring material and 5% NaPS; polyacrylic acid concentration was 24.5%. 
Mw leveled out after approximately two hours. The leveling out of Mw correlated well with the point at which 
the persulfate concentration in solution is approaching zero. 

The following Tables exemplify the utility of the polymer products of the chain combination reaction. 

5 



10 

TABLE IV 

Calcium Sgquestration and Tolerance 

Calcium Calcium 
Sequestra tioni Tolerance2 



25 



30 



35 



40 



Sample 


Mw 


Mw/Mn 


fmgCaCCh/p) 


(mgCaC 


A-Initial PAA 


10,900 


1,51 


407.1 


387 


1A3 


16,700 


2.18 


397.9 


430 


2A 


20,600 


2.25 


393.5 


365 


3A 


125,000 


11.53 * - 


381.5 


450 


4A 


142,000 


12.97 


379.6 


430 


B-Initial PAA 


21,300 


2.26 


431.5 


440 


1B3 


28,200 


3.41 


415.2 


450 


2B 


31,200 


3.67 


414.4 


410 


3B 


120^0 


11.31 


412.3 


<240 


4B 


123,000 


11.04 


407.3 


450 


Polyacrylic acid 


4,500 




350.0 


600 


A A /MAM 


30,000 




423.5 


260 






************************* 



1. Determined with a Ca ion selective electrode at pH=10, RT. 

2. Determined by turbidity measurement (5 ntu end-point) in tap water, ambient pH and 
^ temperature. 

3. Sample numbers 1-4 represent the product of the chain combination reaction of the initial 

PAA (A or B). 

4. Acrylic acid/malelc anhydride copolymer 

SO 
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TABLE V 
Clay Soil Detergency Results 
U.S. Test Conditions 



FABRIC = Cotton (soiled) - 

Polymer in No-P Deterg ent Detergency 

Polyacrylicacid (4,500) 27.9 
IB 27.8 
2B 28.1 



Std. 
Dev. 

1.7 

2.1 

0.9 



Delta 
(PAA4^P0) 



-0.1 
0.2 



20 



25 



30 



FABRIC =White Cotton (Redep) • 

Polymer in No-P Deterg ent Whiteness 



Polyacrylic acid (4,500) 
IB 
2B 



Index 
63.3 
63.9 ' 
63.0 



Std. 
Dev. 

1.2 

1.4 

0.7 



Delta 
(PAA 4.500) 



0.6 
-0.3 



1. Clay Soil Removal /Redeposition Test-CSkippack clay/pre-soiled) - HBB Terg: 40**C, 100 ppm 
(tap water), 5 cloths (3 soiled/pot) .13% det, 3% poU 12min wash/ 3 min, rinse, 100 rpm. 



35 



40 



45 



so 
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TABLE VI 

Magnesium Silicate Inhibition Test ResuUs i 
Total Hardness (ppm) 

25 35 45 60 85 110 130 160 200 



Sample % Transmittance^ 



PAA (4,500) 


99 


99 


99 


99 


98 


98 


98 


98 


98 


PAA (10,000) 


100 


100 


100 


100 


100 


100 


100 


100 


100 


AA/MAL 


100 


100 


100 


99 


97 


96 


95 


95 


94 


IB 


100 


100 


99 


98 


98 


98 


98 


98 


97 


2B 


100 


100 


99 


99 


99 


98 


98 


98 


97 


3A 


98 


98 


98 


97 


97 


97 


97 


97 


97 


no polymer 


98 


97 


94 


93 


90 


87 


85 


83 


77 



1. Test conditions: 85°C, hardness - 1:3 (Ca/Mg), 10,000 ppm detergent (11.2% surfactant /1 0% 
Na2C03/15% Na silicate 2% polymer/ 61.8% H2O). 

2. Higher transmittance desirable since it indicates less formation of magnesium silicate 
precipitate. 
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TABLE Vn 

Incrustation Test Results - European Wash Conditionst 
InqrustgUQn pn Krefgld 



Molecular % Average Standard 

Sample Weight Incrustation Deviation 

AA/MAL 30,000 4.78 0.11 

IB 28,200 4.20 0.11 

15 2B aUOO 4.11 0.05 

3A 125.000 3.92 0.16 



20 



25 



30 



Incrustation on Terry Cloth 
Molecular % Average Standard 

Sample Weig tit Incrustation Deviation 

AA/MAL 30,000 2.92 0.32 

IB 28,200 2.44 0.08 

2B 31,200 1.98 0.05 

3A 125,000 2.17 ■ 0.10 

1. European mini- washers. 0.65% No-P detergent base, 4% polymer, 90*'C/ 300 ppm hardness, 22 
cycles terry doth/Krefeld fabric /ballast, ashed 8 hrs @ 800" C, 



35 



TABLE VII 

Detergency Results - European Wash Conditions ^ 
^ Dust-Sebum on Cotton 





pplym^r 


Average 
P^lerg^ncy 


standard 
4evi9^iQn 


delta 
(np pplym^r) 




no polymer 


22.4 


0.7 




45 


AA/MAL 


24.0 


0.7 


1.6 




IB 


23.1 


1.9 


0.7 




2B 


24.8 


1.2 


2.4 


SO 


3A 


25.3 


1.0 


2.9 




3B 


24.2 ' 


0.4 


1.8 
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10 


rOiy Trier 


Average standard 
Detergencv deviatior\ 


delta 
(no polvmer) 


no puiyiiici 


24.2 


0.5 






AA/MAL 


25.2 


0.4 


1.0 




IB 


25.6 


0.8 


1.4 


15 


2B 


ZD.O 


0.5 


1.1 




3A 


24.6 


0.7 


0.4 




3B 


24.2 


0.9 


0 
















— Clay on colton — 








Polvmcr 


Average 
Dekergencv 


standard 
deviation 


delta 
(no polvmer) 


25 


no puiyuici 


24.8 


1.0 






A A /X if A f 

AA/MAL 


26.6 


1.0 


1.8 




IB 


26.2 


6.9 


1.4 




2B 


25.1 


1.7 


0.3 


30 


3A 


26.2 


0.7 


1.4 




3B 


22.7 


0.8 


-2.1 






Red Wine on Cotton 




35 


Polymer 


Average standard 
D^tergencv deviation 


delta 
(no polymer) 




no polymer 


27.1 


0.7 




40 


AA/MAL 


26.9 


0.3 


-0.2 




IB 


27.9 


0.7 


0 




2B 


25.8 


0.3 


-1.3 


45 


3A 
3B 


27.4 
25.9 


0,5 
0.5 


0.3 
-1.2 



1. European mini-washers, 0.65% No-P detergent base, 4% polymer 60*^C 300 ppm hardness, 1 
cycle 4 cloths each soil -i- ballast. 
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Claims 

1. A method of combining an acrylate polymer with a further polymer or polymerizing monomer, comprising 
forming an aqueous solution thereof, generating free radicals at saturated carbon atoms on at least one 
chain of each polymer or polymerizing monomer, and then polymerizing together said chains via the free 
radical sites. 

2. Method according to claim 1, wherein said further polymer or polymerizing monomer is an acrylate poly- 
mer or polymerizing monomer. 

3. Method according to claim 1 or 2 wherein the acrylate polymer or polymerizing monomer comprises units 
of a (Ca-Ce) ethylenically unsaturated monocarboxylic acid, preferably acrylic acid, methacrylic acid, vinyl 
acetic acid, crotonic acid, acryloxypropionic acid, or a combination thereof; a (C4-C8) ethylenically unsa- 
turated dicarboxylic acid, preferably maleic acid, Itaconic acid, mesaconic acid, fumaric acid, citraconic 
acid, tetrahydrophthalic acid, tetrahydrophthaiic anhydride or maleic anhydride; an alkali metal or ammo- 
nium salt of said monocarboxylic or dicarboxylic acid; and/or an anhydride of the cts dicarboxylic acid. 

4. Method according to any preceding daim wherein the acrylate polymer or polymerizing monomer is or 
forms polyacryllc acid or a copolymer of acrylic acid and maleic anhydride. 

5. Method according to claim 1 or 2 wherein the acrylate polymer or polymerizing monomer comprises units 
of carboxyl-f ree monoethylenlcally unsaturated monomers, preferably alkyi esters of acrylic or metha- 
crylic acids; hydroxyalkyi esters of acrylic or methacrylic acids; acrylamlde, methacrylamide, N-tertiar- 
ybutyl acrylamlde, N-methyl acrylamide, N,N-dimethyl acrylamide; acrylonitrile, methacrylonitrile, allyl 
alcohol, allyl sulfonic acid, aliyi phosphonic acid, vinylphosphonic acid, dimethylaminoethyl acrylate, di- 
methylaminoethyl methacrylate, phosphoethyl methacrylate. N-vinyl pyrollidone. N-vinylformamide, N- 
vinylimidazole, ethylene glycol diacrylate, trimethylolpropane triacrylate, diallyl phthalate, vinyl acetate, 
styrene, vinylsulfbnic acid or Its salts, or 2-acrylamido-2-methylpropanesulfonlc acid or its salts. 

6. Method according to any preceding claim wherein the acrylate polymer is present in the aqueous solution 
at a concentration of from 10 to 80 percent, preferably from 30 to 60 percent, based on the total weight 
of the reaction solution. 

7. Method according to any preceding daim wherein the aqueous solution pH is adjusted by adding an alkali 
metal compound, ammonium hydroxide or a combination thereof. 

8. Method acconding to any preceding daim wherein the aqueous solution pH is adjusted to between 1 and 
11, preferably to between 3 and 7, wore preferably to 5. 

9. Method according to any preceding daim wherein the aqueous solution is heated to between 80 and 

125°C. 

10. Method according to any preceding daim wherein an initiator is added to the aqueous solution at a con- 
centrat ion of from 0.5 to 40 percent, preferably from 1 .0 to 20 percent, based on the weight of the starting 
acrylate polymer. 

11. Method according to any preceding daim wherein thejnitiator is sodium persulfate. 

12. Method according to any preceding claim wherein the molecular weight and/or degree of branching of the 
final polymer is controlled by adjusting the pH and/or initiator concentration in the aqueous solution. 

13. The use of a polymer produced by a method according to any preceding claim as a detei^ent builder, 
anti-incrustation agent or dispersant 

14. Composition comprising a polymer produced by a method according to any one of claims 1 to 12 and an 
inert diluent, wherein the polymer is preferably present in an amount of from 5 percent to 50 percent by 
weight of the composition, more preferably between 1 and 10 percent by weight of the composition. 

15. Composition according to claim 14 wherein said polymer is present at a concentration of from 20 to 60 
percent based on the total weight of said composition, said composition preferably being a water treat- 
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ment composition. 

16. Composition according to claim 14 which is a powder and wherein said inert diluent is sodium sulfate, 
sodium chloride or sodium borate, said composition preferably being a laundry detergent or hard surface 
cleaner 



EP 0 600 592 A1 



3 



Eiirapean Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 93 30 7855 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catcfonr 



dtatioii of doamMot with iadicMioii, when appropiialei 



CLASSmCATION OF IHE 
AmiCATION ODtXLS) 



18 



18 



10 



EP-A-0 208 945 (HAYASHIKANE SHIPBUILDING & 
ENGINEERING CO. LTD.) 



1-6.9-12 



claims * 
page 12, 
page 21, 



1 ine 
line 



1 - 
7 - 



line 15 • 
line 13 « 



* page 26, line 20 - line 22 * 

EP-A-0 097 495 (ALBRIGHT & WILSON LTD) 

* claims * 

* page 2, line 32 - page 4, line 3 * 

* page 11, line 19 - line 24 * 

EP-A-0 124 913 (THE PROCTER & GAMBLE 
COMPANY) 

* claims * 



C08K5/14 

C08K3/30 

C08F265/02 

C02F5/10 

C11D3/37 



1-13 



1-16 



TECHNICAL HELDS 
SEAKHED CtatCLS) 



C08K 
C08F 
C02F 
CUD 
A61L 



Tbe present search nport has been teim op for all dahm 



PtKBOllOKk 

THE HAGUE 



23 December 



1993 



Persson, E 



CATEGORY OF OIED DOCUMENTS 

X t poiiiailarly rdcvant if takes tlooe 

Y : partiail&riy relevant if comUaed itlth taotb* 

dDCumcot of the same cat^;ory 
A : tediBological background 
O : Don-writtca iisdosuxe 
P : Intermediate doonnent 



T : theory or principle imderivliig the invoitioii 
E : cailicr patent docniMot, but published on, or 

iftv tbe filing date 
O : document dted in the application 
L : document dted for other reasons 



A ; mcnlKf of the s 



B patent fcrnflyi 



15 



9 



